Background: Resveratrol naturally occurring antioxidant in peanut (Legume:
Introduction
Peanut (Arachis hypogaea) belongs to the botanical family Fabaceae (also known as Leguminosae, and commonly known as the bean or pea family). Like most other legumes, peanuts harbor symbiotic nitrogen-fixing bacteria in root nodules. Peanut is known for its food and dietary values, peanut fatty acid is the most superior vegetable oil. Peanut proteins are very rich in the essential amino acids; vitamins, minerals, and medicinal nutraceuticals are abundant, resveratrol is the most studied [1] [2] [3] [4] . Resveratrols are polyphenolic antioxidants detected in peanut, Japanese knotweed, grapes and berries. They are synthesized by resveratrol synthase. Resveratrols exist as several isoforms, with the transisoform being most abundant. Resveratrol has various phytochemical human health beneficial effects associated with long life extension, increased antioxidant activity, reduced inflammatory cancer risk, reduced cardiovascular disease [5] [6]; its effect on metabolic syndrome [7] is the best characterized [8] [9] . Of increasing human health interest is pterostilbene, a methylated resveratrol compound present in blueberries [10] . Pterostilbene reduced the cholesterol levels in hamsters [11] , and ameliorated diabetes, neurological and vascular diseases [12] . Resveratrol 3-O-β-D-glucoside is credited with anti-HIV activity [13] [14] . The societal importance of resveratrol is highlighted in red wine which contains up to 5.0 mg/L resveratrol [15] . The human health beneficial link between red wine consumption and the resveratrol is an expanding area of conversation in the public domain [16] .
Peanut seeds and leaves have ultra-variable contents (0 to 26 µg•g −1 fresh wt.)
of resveratrol depending on the agronomic conditions of cultivation [17] [18] [19] . The molecular basis for the variability has not been understood, but the variability has prevented the marketing of high resveratrol peanut as a consistent added value dietary produce. Peanut is the most popular nut-snack in the world [20] . Therefore, several attempts are in progress to stabilize and enhance the resveratrol contents of peanut [21] . Treatment of peanut with microbes increased resveratrol although such treatment could leave the product unsafe and inedible [22] . UV light irradiation of peanut suspension cells and tissues, and abiotic stressing of wounded seeds have elicited resveratrol accumulation [23] . Genetic engineering of microbes and plants [24] , chemical synthesis [25] and biotechnology [26] [27] have been applied to produce cost effective resveratrol concentrations that are focused for the food industry and commerce. However, use of cultured tissue and recombinant strategies are yet to gain extensive acceptance among consumers of dietary natural products.
Resveratrol biosynthetic pathway starts from the conversion of phenylalanine to p-coumaroyl-Coenzyme A; the condensation of which with malonyl-Coenzyme A by resveratrol synthase produces resveratrol [28] . Metabolism of phenylalanine provides p-coumaroyl-CoA, whereas fatty acid biosynthesis provides the malonyl-CoA [29] . The derivation of phenylalanine from phosphoenolpyruvate suggests possible committed upstream involvement of glycolytic, citric, and glyoxylic acid cycles [30] in the optimization of resveratrol accumulation. Resveratrol accumulation is regulated by aluminum chloride [31] , and plant defense compounds [4] [18] [21] [32] , but regulation by fertilizer mineral ions was not studied. It is necessary to study mineral ion regulation synergism-antagonism [33] of resveratrol accumulation because peanuts are naturally cultivated in field plot stress conditions. Transcriptional regulation of resveratrol synthase activity has been confirmed in plant systems [18] [21] [32] ; the peanut resveratrol synthase being differentially controlled by a family of genes [33] . [37] . GDH is a target site of mineral ion action in plants [38] . Our earlier studies on GDH kinetics had observed the signal integration/discrimination [39] and biomass enhancement [34] functions of the enzyme. The principles and practice of the induction of GDH-synthesized
RNAs have been applied to explain some hitherto inexplicable biological phenomena including metabolic detoxification of xenobiotics in plants [40] , regulation of fatty acid contents by mRNA encoding lipoxygenase [41] ; the regulation of cellulosic biomass and fatty acid accumulation by mRNAs encoding acetyl CoA carboxylase, nitrate reductase, phosphate translocator [35] . Most of the research on peanut had focused on genetic and plant breeding scientific logics.
The method in plant biochemistry adopted hereunder was different being based on horticultural regulation of plant metabolism [35] . The aim was to identify target step(s) in intermediary carbon-nitrogen metabolism that regulate resveratrol accumulation. Peanuts enriched in resveratrol would further stabilize the incomes of limited resource farmers who cultivate the crop. In the light of transcript silencing by homologous RNAs synthesized by GDH [34] [42], the theoretical logic is that induction of GDH isomerization and RNA synthesis by horticulturally optimized mineral ion treatments of peanut will coordinate the expression of resveratrol synthase mRNAs with the mRNAs encoding some enzymes in intermediary carbon-nitrogen metabolism, leading to production of several peanut metabolic variants that are substantially enriched with resveratrol. lanting to make up for ungerminated seeds. The applied mineral salt compositions were based on stoichiometric combinations to mimick the binomial subunit polypeptide compositions of the GDH isoenzymes [36] and to interact with target molecules in molar ratios. Mineral salt compositions and solutions (Table   1) were prepared as described [34] . Weeds were manually removed. Commercial fertilizer (N:P:K: 13:13:13) from American Plant Food Corporation, Texas, USA was included in the study. Treatments were in triplicate boxes, and were watered every other day. Mineral solutions were applied three times, first at pre-flowering stage (2 weeks after seed germination), second at flowering, and finally at postflowering. When the leaves turned yellow (peanut maturity), pods were harvested, allowed to dry on the greenhouse floor for about 2 weeks, weighed, shelled by hand, and the kernels (seeds) and shells weighed separately. Seeds were stored at −30˚C.
Materials and Methods
Purification and assay of GDH: GDH was purified by electrophoresis [37] from peanut seeds harvested from the control or mineral salts-treated boxes.
RNA synthetic activity of GDH [36] was assayed in combined deamination and seed yields per treatment of peanut were determined. Replicate seed yields that gave similar/identical GDH patterns per experimental treatment were combined and used for metabolic, total RNA, and molecular analyses. ppm. Supelco mixed fatty acids methylene chloride 37 (FAME 37) standards for the GC 10 Agilent 6890_3 fatty acid fractionation were applied at 200 ppm.
EZChrom Elite Version 3.3.2 SP2 software was used to acquire and to process the chromatograms and spectra.
Total RNA: Total RNA was extracted from peanut seeds harvested from the control or mineral salt-treated boxes using the acidic phenol/chloroform (pH 4.5) method [49] .
Complementary DNA synthesis, cloning, characterization, and probe selection: cDNAs were synthesized with 2 µg of each product RNA synthesized by the whole gel-eluted GDH charge isomers using random hexamer primer. Restriction fragment PCR amplification; adapter ligation; sequencing gel fractionation; and purification of cDNA fragments [31] were conducted according to the RNAs that were homologous to mRNAs encoding resveratrol synthase and related enzymes in carbon-nitrogen intermediary metabolism, the cDNA sequences were used as queries to search the NCBI nucleotide-nucleotide (excluding ESTs) BLAST (blastn), and non-redundant protein translation (blastx) databases.
Complementary DNAs that displayed the highest alignment scores with the mRNAs were selected as the probes.
RNA analyses: Equal amounts (20 µg) of total RNA, and RNAs synthesized by GDH from the control and mineral salts-treated peanuts were loaded, briefly electrophoresed on 2% agarose gels, stained with ethidium bromide, and photographed to verify RNA quality and equality of loading. RNA was electro-transferred from the electrophoresed gel onto Brightstar-Plus nylon membrane (Applied Biosystems, Foster City, CA, USA) as described before [41] .
The cDNAs that were used as Northern probes were those homologous to mRNAs encoding resveratrol synthase. For the labeling of the cDNA probes, cDNA inserts were amplified by PCR from the corresponding plasmids (15 ng) using T3 and T7 promoter primers (2 µM each), [ 
Results and Discussion
Treatment of peanut with mineral salt solutions: Mineral salt compositions [34] were formulated to mimic a wide array of reacting quantities, and the stoichiometric ratios of the subunit polypeptide compositions of GDH ( Table 1 ).
The mineral ion ratios made for interlocking internal repeats in the ionic compositions thus limiting stochastic variability in peanut plot treatments. The differences in yield from one treated peanut to the next in the hierarchy of yields were statistically insignificant between most of the peanuts especially the KNand NPKS-treated peanuts. However, the GDH isoenzyme profiles were different from one mineral salt treated peanut to the other [35] thus demonstrating the individuality of each metabolic variant. The peat moss was common to all the experimental boxes, thereby minimizing environmental variability in soil physical and chemical characteristics. Mineral treatments were applied after seed germination, at flowering, and after flowering so that at all times the mineral concentration in the soil was nearly constant and in that way, the environmental effects of the mineral ions on GDH isomerization did not attenuate and/or fluctuate most of the time (synchronization). These horticultural management conditions assured the most efficient production metabolism of the peanuts as natural bioreactor through stoichiometric synchronization of the isomerization of GDH, synthesis of RNA by GDH, and silencing of mRNAs by homologous RNAs synthesized by GDH [35] . GDH isomerization and synthesis of RNA as the target sites of mineral ion action are due to the binomial distribution of its three subunits in the hexameric isoenzymes, on the basis of the twin nonallelic GDH 1 and GDH 2 gene structure, with the gene (GDH 1 ) encoding the more acidic subunits (α, and a) being heterozygous and codominant, whereas the other gene (GDH 2 ) encoding the less acidic subunit (β) is homozygous [50] . Integration of resveratrol biosynthesis, glycolysis, and glyoxylic-citric acid cycles: The ultra-high resveratrol peanut is due to integration of biochemical pathways at the mRNA level (Figure 2) . Two cDNA probes specific to the mRNAs encoding resveratrol synthase were synthesized. The first probe (plasmid 5b, Table 2 ) shared seven-fold sequence repeats with peanut mRNA encoding resveratrol synthase; four of the repeats were minus/minus, whilst three repeats were plus/minus. This is a unique chemistry of GDH-synthesized RNA that accounts for its efficiency in binding tenaciously in vivo to target mRNA during silencing reaction, and in vitro during Northern hybridization reaction.
Very high stringency washes were employed to sufficiently clean the Northern membranes ( Figure 2(b) ) of loosely-bound probes. The second cDNA probe (plasmid 2X, Table 2 ) shared sequence homologies with the mRNAs encoding resveratrol synthase and several regulatory enzymes in the citric-glyoxylic acid cycles and glycolysis. The cDNA probe 2X shared plus/plus sequence homology with the mRNA encoding resveratrol synthase. In addition, there is a network of sequence homologies between the probe and the mRNAs encoding the enzymes Figure 2 . Northern blot analyses of peanut resveratrol synthase mRNAs. Twenty micrograms total RNA was electrophoresed through 2% agarose gel, transferred to nylon membrane, then hybridized with 32 Plabeled cDNA probe 5b, (Figure 2(b) ), or probe 2X (Figure 2 that catalyze the non-exergonic reactions of glycolysis, citric-glyoxylic acid cycles.
Multiple sequence repeats are the exclusive structural characteristics of the GDH-synthesized RNA because of the binomial arrangement of the subunit polypeptides inside the GDH hexamers [42] .
Probe 2X (Table 2) shared six-fold plus/plus sequence homology with the mRNA encoding phosphoenol pyruvate carboxylase (PEPCase) in glycolysis; three-fold plus/plus sequence homology with the mRNA encoding enolase in glycolysis; two-fold plus/plus sequence homology with the mRNA encoding phosphoglyceromutase (PGlyM) in glycolysis; five-fold plus/plus and five-fold plus/minus sequence homologies with the mRNA encoding malate dehydrogenase (MD) in glyoxylic acid cycle; plus/plus sequence homology with the mRNA encoding malate synthase (MS) in glyoxylic acid cycle; two-fold plus/plus and four-fold plus/minus sequence homologies with the mRNA encoding isocitrate lyase (ICL) in glyoxylic acid cycle; five-fold sequence homologies with the mRNA encoding phosphoglucomutase (PGM) in glycolysis, two of which were minus/minus, one was plus/minus, another was minus/plus, and the fifth was plus/plus sequence repeats. Therefore a single RNA sequence (probe 2X) synthesized by GDH silenced the mRNAs encoding resveratrol synthase together with those encoding PEPCase, enolase, PGlyM, MD, MS, ICL, and PGM in KN-, NPKS-and control peanuts but not in NPPK-treated peanut thereby resulting to maximum accumulation of resveratrol in that peanut metabolic variant. The resveratrol metabolic network integrating glycolysis, gluconeogenesis, and citric acid cycle at the mRNA level give further confirmation to the biochemical role of PGM, PGlyM, enolase, PEPCase, malate synthase, MDH, and ICL in controlling carbon fluxes through intermediary carbon-nitrogen metabolism [40] . This meant that within the cellular metabolism, the seven mRNAs were not knocked out under NPPK-applied mineral ion regimen. GDH-synthesized RNA 2X (Table 2) is the molecule that integrated/discriminated the carbon-nitrogen biochemical pathways in the peanut. The molecular integration/discrimination of glycolysis, glyoxylic-citric acid cycles through the optimal abundance of the mRNAs (2.7 -1.2 kb range) encoding resveratrol synthase, PGM, PGlyM, enolase, PEPCase, malate synthase, MDH, and ICL accounted for the apparent muddled transcript smear in the Northern blot of NPPK-treated peanut ( Figure   2(d) ).
The Northern Blots: Two bands covering the 1.2 -1.4 kb range (Figure 2(b)) were obtained with the first Northern probe (plasmid 5b, Table 2 ) in agreement with the pair of mRNAs that encode peanut resveratrol synthase [3] [28] [33] .
Digital estimation of the Northern bands (Figure 2(b) ) showed that NPPKtreated peanut had the highest abundance of the bands; followed by the NPKStreated in which the lowest molecular weight band was considerably diminished; to the untreated control where both bands were considerably diminished compared with that of NPPK-treated; and to the KN-treated where both bands were almost undetectable. This is in agreement with the inverse order of the seed yields (Table 1) with the KN-treated peanut being the highest yield and the NPPK-treated being the lowest yield. The metabolic profiles (Figure 1) showed that where cis-resveratrol and trans-resveratrol maximally accumulated (NPPKtreated peanut), all the resveratrol synthase transcripts were not silenced; but where cis-resveratrol minimally accumulated, most of the transcripts ( Figure   2 (b)) were silenced (KN-treated). Therefore, the higher molecular weight mRNAs of resveratrol synthase regulate the enzyme's activity. Peanut resveratrol synthase is a dimer [51] . GDH-synthesized RNA probes have made it possible perhaps for the first time, to align the resveratrol concentrations and the resveratrol synthase mRNA abundance [18] [33] thereby confirming the transcriptional control of resveratrol synthase activity. The mechanism is that the mineral salt treatments induced the peanut GDH to isomerize and to synthesize a unique set of RNA which then silence the corresponding homologous mRNAs. The silencing of the mRNA may be complete or partial depending on the structure and abundance of the respective GDH-synthesized RNA [35] . In the KN-treated peanut (Figure 2(b) ) the GDH induced by KN mineral salt mix synthesized a lot of the RNA complement of probe 5b (Figure 3) . Therefore, the resveratrol synthase mRNAs were silenced. In the cases of NPKS-treated and the untreated control peanuts, the induced GDHs synthesized a limited quantity of the RNA complement of probe 5b. Therefore, the resveratrol synthase mRNAs were incompletely silenced in the NPKS-treated and the untreated control peanuts. In the case of the NPPK-treated peanut, the induced GDH synthesized almost an undetectable amount of the RNA complement of probe 5b. Therefore, the resveratrol synthase mRNAs were not silenced. This was the strategic systems biology approach for investigating the regulation of resveratrol accumulation by resveratrol synthase transcripts. Agronomic mineral ion signals embodied in the Figure 3 . Distribution of sequences homologous to mRNAs encoding resveratrol synthase in the RNA synthesized by the GDH of some peanut metabolic variants. RNAs synthesized by the charge isomers of whole-gel purified GDH of metabolic variants (KN-, control, NPKS-, NPPK-treated peanuts) were electrophoresed through 2% agarose gel. The electrophoresed gels were trans-blotted onto nylon membranes followed by membrane hybridization with 32 P-labeled cDNA (probe 5b) of GDH-synthesized RNA homologous to resveratrol synthase. The membranes were washed with high stringency solutions and autoradiographed.
NPPK mix prevented the peanut GDH from synthesizing the RNA complement of probe 5b. The more the complementary RNA is synthesized by GDH, the more is the silencing of the homologous mRNA.
Results (Figure 2(d) ) for Northern probe 2X (Table 2) were dissimilar from the first blot (Figure 2(b) ) in that bands were obtained for the NPPK-treated [35] ; and the 1.2 -1.4 kb bands represented the resveratrol synthase family of mRNAs [33] . The absence of Northern bands under the KNtreated, NPKS-treated, and the untreated control peanuts in Figure 2 The resveratrol biosynthetic pathway: The mRNAs encoding MD, PGM, PGlyM, MS, enolase, and PEPCase, in peanut were readily detected by their specific cDNA probes [30] . Therefore, chemical inability of cDNA probe 2X (Table   2 ) to detect the mRNAs encoding resveratrol synthase, MD, PGM, PGlyM, MS, enolase, PEPCase in the KN-treated, NPKS-treated, and control untreated peanuts (Figure 2(d) ) suggested there could be thresh-hold minimum abundance requirement factor for the mRNAs. The low levels below the minimum threshhold abundance of the mRNAs encoding resveratrol synthase were responsible for the low yields of resveratrol in the untreated control, KN-treated, and NPKS-treated peanuts. Conversely, the maximum levels above the thresh-hold abundance for the resveratrol synthase mRNAs (Figure 2(b) ) was responsible for the ultra-high resveratrol content of the NPPK-treated peanut (Figure 1 ).
The usual biochemical comparison limited to the control untreated and the NPPK-treated peanuts would have failed to unravel the comprehensiveness of the trends integrated by the agronomic system comprising control, KN-, NPKS-, and NPPK-treated peanuts.
The other factor was the absence of the mRNAs encoding PGM and the related carbon-nitrogen metabolic enzymes in the KN-treated, NPKS-treated, and untreated control peanuts (Figure 2(d) ). Phosphoglucomutase (PGM, EC 2.7.5.1)
generates glucose-1-phosphate (Glc-1-P) from glucose-6-phosphate (Glc-6-P).
The enzyme is localized both in the plastids and cytosol [43] . The plastidic PGM is essential for starch synthesis to store photosynthates in leaves during the day, and in the degradation of starch [44] . The cytosolic PGM is involved in sucrose catabolism to provide intermediates for glycolysis, citric acid cycle, fatty acid, amino acid, glyoxylic acid cycle etc metabolic pathways [45] . Therefore, PGM plays an important role in the distribution of Glc-6-P to glycolytic, starch, citric acid, amino acid, and fatty acid pathways [46] Malonyl-CoA is the point of bifurcation of stilbenoid from the fatty acid biosynthetic pathways [28] . Therefore, in further verification of the resveratrol pathway, the fatty acid yields (Table 3) The integration of resveratrol biosynthesis, glycolysis, and glyoxylic-citric acid cycles by RNA probe 2X (Table 2) to become a single physiological machine complex defined the huge biochemical dimensions of the resveratrol biosynthetic pathway (Figure 4 ). Glc-6-P, phosphoenol pyruvate, glycerate-3-phosphate, malate, isocitrate, as well as acetyl CoA, malonyl CoA, and p-coumaroyl CoA are the metabolites that feed into the resveratrol pathway. Whenever probe 2X is synthesized in the peanut (KN-, control, NPKS-treated) and some or all the in-bound metabolites are unavailable, the resveratrol biosynthetic pathway functions minimally leading to low production of resveratrol by peanut (Figure 1 ).
But when probe 2X is not synthesized (NPPK-treated peanut), all the in-bound metabolites are available; and the resveratrol biosynthetic pathway (Figure 4 ) is maximally functional, leading to production of ultrahigh resveratrol peanut.
Therefore, GDH-synthesized RNA probe 2X encodes the signal for the physiological machine complex that maximally expands the resveratrol biosynthetic pathway ( Figure 4 ) and the accumulation of ultrahigh resveratrol contentsin peanut.
When the GDH-synthesized RNA did not knock down the mRNAs encoding the enzymes of biomass and fatty acid metabolism, peanut yield was doubled [34] [35] [36] [37] . The NPPK treatment gave the lowest ever yield [35] of peanut (Table 1) . Therefore, the drastic knock down of the biomass yield metabolism accounted in part for the ultra-high resveratrol contents of the NPPKtreated peanut.
The horticultural system comprising control, KN-, NPKS-, and NPPK-treated peanuts captured the identity and structure of probe 2X with physiological function to couple resveratrol biosynthesis to glycolysis, citric-glyoxylic acid cycles.
Probe 2X was synthesized in the control, KN-, and NPKS-treated peanuts, but not in the NPPK-treated peanut with the highest accumulation of resveratrol.
The practical importance of 2X is that its suppression might guide horticultural technology development to achieve increased accumulation of resveratrol in sustainably-cultivated peanuts. The ultra-high resveratrol peanut seeds could be market-ready as in-shell snack nut to restaurant chain customers [20] thereby providing a convenient alternative to chemically synthesized resveratrol [25] [26] [27] .
Probe 2X was synthesized by GDH. Its precision for silencing and as a hybridization probe for mRNAs encoding resveratrol synthase, MD, PGM, PGlyM, MS, enolase, and PEPCase was phenomenal. An alternative method for hybridization probe design of probe 2X would be the algorithm approach. But the wide sequence span of the probe and some variable nucleotide residues would defy the assembly of its biological and physical properties in one molecule by computational language. Algorithm is yet to be adapted for the design of nucleic acid hybridization probes specific for monitoring the integration/discrimination regulation of carbon-nitrogen biochemical pathways.
Horticultural stress inductiveness by stoichiometric mineral salt mixes:
The big picture (Table 1) provided the context for further discussion on the signaling properties of the optimized mineral ion mixes relative to peanut yields.
GDH is a target site of mineral ion action [38] , crop yield being regulated by the resultant redox isomerization stresses [35] [36] [39] . The responses of yield (Table   1) tegrates all the signals from the aggregate nucleophiles and electrophiles to give one single response in the synthesis of a unique set of RNA sequences, which then silence the corresponding set of homologous mRNAs. This is the signal integration-discrimination (synergism-antagonism) function of the enzyme [62] [63]. With respect to the RNAs synthesized by peanut GDH (Figure 3) , the more the complementary RNA was synthesized, the more was the silencing of the resveratrol synthase mRNA, outcome of which was antagonism. Resveratrol accumulated the least in the KN-treated peanut ( Figure 1) . Conversely, the less the complementary RNA synthesized, the less was the silencing of resveratrol synthase mRNA, outcome of which was synergism. Resveratrol accumulated the highest in the NPPK-treated peanut. Additional physiological stress factors could amplify/modulate the RNA synthetic activity of GDH. Only the acidic isoenzymes of the GDH of NPPK-treated peanut synthesized RNAs that were homologous to the mRNA encoding resveratrol synthase ( Figure 3 ). Acidic isoenzymes of GDH might signal threshold inability of the RNA to silence the resveratrol synthase mRNAs. The GDHs of the control, KN-, and NPKS-treated peanuts synthesized RNAs in the acidic, neutral and alkaline pI ranges ( Figure   3 ) and were able to silence resveratrol synthase mRNA to different degrees ( Figure 2) . Therefore, mineral ion-induced stresses, antagonism, and synergism in agronomy have roots that stretch into the molecular and enzyme levels of metabolism. Optimized stoichiometric mixes of mineral nutrients are formulated to exploit the principles of antagonism and synergism and to manipulate crop plants to accumulate desirable metabolites beneficial to human health [34] [35] [36] .
The control untreated peanut gave higher yield than the commercial fertilizer treatment, and many of the mineral ion-treated peanuts. Therefore, neither the control nor the commercial fertilizer-treated peanuts contained the control GDH.
This is a common experimental problem encountered in plant GDH research [63] . It was the KN-treated peanut that contained the positive control GDH, and produced the highest yield of podded seeds; whilst the NPPK treatment induced the highest stress on GDH, and consequently the highest yield of resveratrol but the lowest podded seed yield. These are in agreement with the repeatedly pub- 
Conclusion
Resveratrol naturally occurring antioxidant is associated with reduction of inflammatory cancer risks. Its levels in peanut are ultra-low and variable (0 to 26 µg•g −1 fresh wt.). The aim of this project was to identify related reaction step(s) in glycolysis, citric-glyoxylic acid cycle that optimize resveratrol metabolism to maximum resveratrol accumulation. The GC-LC profiles showed that resveratrols were lowest in concentration in the KN-treated (9.0 µg•g ) peanuts in converse order to the resveratrol contents because high resveratrol synthase activity (NPPK-treated peanut) implies diversion of malonyl CoA to resveratrol synthesis instead of fatty acid synthesis. The NPPK treatment gave the lowest ever yield of peanut due to the antagonistic stresses induced by the mineral ion mix. Regulatory enzymes in glycolysis, citric-glyoxylic acid cycles were functionally coupled to the resveratrol biosynthetic pathway thus inducing the ultra-high resveratrol accumulation in the NPPK-treated peanut.
